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Relations between specific and global outcome measures in a social-communication intervention for children with autism spectrum disorder

Abstract
Assessment of relevant outcomes is a key challenge in evaluating effects of social-communication interventions. However, few studies have investigated in what ways specific and more global measures may influence reported results of social-communication interventions for children with autism spectrum disorder (ASD). In this study both a specific and a more global autism symptom measure were used to assess effects of a brief social-communication intervention. Fifty-nine children (2-4 years) diagnosed with autistic disorder were assessed with the Joint Engagement (JE) states coding procedure and a preliminary version of the Brief Observation of Social Communication Change (BOSCC). A statistically significant difference was found between intervention and control groups from baseline to intervention endpoint on JE but not on BOSCC. Degree of change on the measures was moderately related, and both were independent of language level and non-verbal mental age. This study adds to the knowledge of what may be expected of different outcome measures and provides suggestions to how measures may be deployed to investigate underlying mechanisms and developmental pathways.

Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by impairments in social communication and interaction as well as restricted and repetitive patterns of behaviours (APA, 2013). The disorder is thought to be caused by complex interactions between genes and environmental factors, but it remains unclear how this interplay influences the behavioural phenotype (Hallmayer et al., 2011; Sandin et al., 2014). Epidemiological studies report worldwide prevalence of ASD to be somewhere within the range of 50 to 70 per 10 000 (Elsabbagh et al., 2012; Fombonne, Quirke, & Hagen, 2011) although some studies report prevalence estimates close to 120 per 10 000 in regions in the UK and the US (Baird et al., 2006; Kogan et al., 2009). Thus, ASD is today recognized as one of the more common developmental disorders. 

There has been a substantial increase in ASD related research during the past two decades, including research on early identification and intervention (Charman, 2011; Dawson and Bernier, 2013; Lecavalier, 2016). Knowledge in these areas is important, as an early start for intervention is thought to be crucial for modification of areas of impairments affecting the developmental trajectories of children with ASD (Bradshaw, Steiner, Gengoux, & Koegel, 2015; Webb, Jones, Kelly, & Dawson, 2014). Although results from intervention studies are mixed (Fletcher-Watson, McConnel, Manola, & McConachie, 2014; Howlin, Magiati, Charman, MacLean Jr., 2009; Oono, Honey, & McConachie, 2013), some studies have reported improvement in areas of social-communication functioning (e.g. Green et al., 2010; Kasari, Paparella, Freeman, & Jahromi, 2008; Kaale, Fagerland, Martinsen, & Smith, 2014; Warreyn & Roeyers, 2014; Wetherby et al., 2014). 

Interventions aiming to enhance social communication in children with ASD often target a specific set of behaviours or abilities (e.g. joint attention, imitation, shared engagement), but it is implied that gains in specific functioning may lead to improvements in more global autism symptoms (Mundy, Sigman, & Kasari, 1994; Yoder, Bottema-Beutel, Woynaroski, Chandrasekhar, & Sandbank, 2014). 
The choice of terminology here is important. Yoder et al. (2014) proposed a matrix where outcome measures were described as ”context-bound” as opposed to ”generalized”, and ”proximal” as opposed to ”distal”, in relation to the intervention tested. The generalized / context-bound dichotomy relates to whether the measurement process was tied to the therapeutic context or not. The proximal / distal dichotomy relates to how far (in an implied linear manner) the evaluated skill lies from the taught skill. Instead, we use the terms ”specific” and ”global”. This is because the transition between the two measurement tools explored in this study represents a broadening of measured traits from a more narrow range directly related to the intervention target, to a wide range representative of the entire constellation of characteristics used in autism diagnosis. 
Most studies of the effects of social-communication interventions utilize outcome measures that are specific and related to the intervention targets (Yoder et al, 2014). However, a few high quality social-communication intervention studies have also examined change in global autism symptoms (e.g. Green et al., 2010; Wetherby et al., 2014). The studies indicate different findings derived from specific outcome measures compared to global outcome measures. For instance, Green et al. (2010) conducted a large scale RCT testing the effect of a parent-mediated social-communication intervention, using Autism Diagnostic Observation Schedule-Generic social communication scores (ADOS-G: Lord et al., 2000) as the primary outcome measure. They found that the intervention group improved on symptom scores. However, as improvements were also present in the control group, the treatment effect was statistically non-significant. Nevertheless, significant treatment effects were found on ‘blinded’ measures more closely related to intervention targets, such as parent interaction style and children’s communication initiations to their parent. This is in line with the review by Yoder et al. (2014) where results showed more positive effects of intervention studies using outcome measures specific to intervention targets (e.g. Early Social Communication Scales (ESCS: Mundy et al., 2003)), compared to more global measures (e.g. ADOS: Lord, Rutter, DiLavore, & Risi, 1999). 
There is a huge variety of outcome measures employed in autism intervention studies (Bolte & Diehl, 2013; Cunningham, 2012), and these measures differ on multiple aspects, not only whether the measures capture specific or more global aspects of behaviour (Fletcher-Watson & McConachie, 2015; Green et al., 2010).  For example, outcome measures may be directly-observed versus informant reports; based on standardised assessment, curriculum-based assessment or free play; amenable to blind rating or not; independent of general developmental level, or not; and designed and proven to be responsive to change over time, or not. 

Despite the variety of procedures available, it is clear that to the extent that change in more global outcomes is anticipated, intervention studies should include measures that capture broader aspects of child functioning. This is important to strengthen the validity and importance of conclusions regarding the impact of the intervention on behaviours beyond specific treatment targets

It seems intuitively correct that measures capturing skills and behaviours that are specific to treatment targets may be more sensitive to detection of changes compared to more global measures. However, there is a lack of empirical investigation of this notion, the review by Yoder et al. (2014) being an exception.  

In this report, we review two measures closely matched on the criteria listed above (i.e. both directly observed, from a free-play sample, blind rated and designed to capture change over time) which differ in their specificity to the intervention targets. 


The specific measure
Measures that focus on change in specific behaviours or skills related to the social-communication domain include, among others, the ESCS (Mundy et al., 2003) and the Communication and Symbolic Behavior Scales–Developmental Profile (CSBS-BP; Wetherby & Prizant, 2002). Although not coding discrete behaviours directly, the Joint Engagement States coding procedure (JE; Bakeman & Adamson, 1984) is another measure that seems to have increasing status as an appropriate outcome measure in evaluation of social-communication interventions for young children with ASD. This coding procedure was developed to measure the quality of the interaction between adult and child through identification of six mutually exclusive engagement states; unengaged, on-looking, person engagement, object engagement, supported joint engagement and coordinated joint engagement (Bakeman & Adamson, 1984). When the child is coded as being in an unengaged state the child seems uninvolved with the adult, toy or activity, although he or she might be scanning the room as to look for something to do. On-looking is a state where the child observes the adult’s activity but does not take part. Person engagement is coded when the child is engaging with the adult, but not toys, like in tumble play or face-to face play. In a state of object engagement the child is engaging with a toy but not attending to the adult. Supported joint engagement is coded when the child and adult are actively involved in the same toy, however the child does not show clear signs of acknowledging the adult’s presence. Coordinated joint engagement is coded when both child and adult are actively coordinating their attention to a shared toy and to each other. Video recordings of 10-20 minutes of adult-child interaction with a pre-defined set of toys are used to code the various states (see Adamson, Bakeman, & Deckner, 2004; 2012; Bottema-Beutel, Yoder, Hochman, & Watson, 2014 for further developments of the coding procedure). Although the coding procedure was originally developed for typically developing infants and toddlers, it has been used in several longitudinal and intervention studies with preschool-age children with ASD (e.g. Adamson, Bakeman, Deckner, & Romski, 2009; Kasari, Freeman, & Paparella, 2006; Kasari, Gulsrud, Wong, Kwon, & Locke, 2010; Lawton & Kasari, 2012; Lewy & Dawson, 1992; Meek, Robinson, & Jahromi, 2012; Patterson, Elder, Gulsrud, & Kasari, 2014). 

The global measure
There are few measures designed to capture changes in global autism symptoms (Anagnostou et al., 2015; McConachie et al., 2015). Due to this shortcoming some researchers have used the ADOS, or an adaptation of the ADOS (e.g. Green et al., 2010; Wetherby et al., 2014) to assess change in autism symptoms following intervention. However, since the ADOS was designed as a diagnostic tool, it may not be reasonable to expect it to sensitively detect differential change between treatment groups, especially not following relatively brief social-communication interventions. To address this problem the Brief Observation of Social Communication Change (BOSCC; Grzadziniski et al., 2016) is being developed as a measure of global change in autism symptoms in young children with ASD. Like the JE coding procedure, the BOSCC is coded based on video observation of natural interaction between adult and child playing with a pre-defined set of toys. BOSCC evolved through expansion of codes from ADOS-2 (Lord et al., 2012) and although more flexible with looser instructions it follows the same scoring logic. The preliminary version of BOSCC used in the present study consists of 16 items related to social communication, play and engagement with objects, stereotypical behaviours, repetitive interests, body mannerisms and self-injurious behaviours. 

As the BOSCC and the JE are coded from low-structure dyadic floor play, the naturalistic context also makes them different from, for instance, the CSBS and ESCS that are semi-scripted. Further, although the BOSCC takes frequency of discrete behaviours such as pointing and gaze-alternation into account, the ratings also relies on observations of consistency and quality of the interaction, which is more akin to the JE measure than the CSBS and ESCS. There are also some similarities in the content as coders of both BOSCC and JE need to take into account, for instance, whether the child focuses on, and engages with objects, for how long the child sustains engaged with objects, and whether the child is responding to or acknowledges the adult’s attempts to engage. As well as these conceptual similarities, there are also differences between the two measures in terms of output scale format. The JE-measure codes duration of states whereas the BOSCC-measure relies on observation of various discrete behaviours that are scored on a six-point-scale 

Objective and Hypotheses 
This study explores relations between specific and global outcomes in early autism social-communication intervention studies. We characterise outcomes in two categories: 1) measures that are specific to the intervention targets and 2) measures that are global, capturing broader autism symptomatology. Change in specific outcome measures is often proposed to lead, via a developmental cascade effect, to change in global autism symptoms. In order to explore the ways in which specific and global outcome measures may differ in revealing intervention effects, and the relation between these types of measures, we compare two measures by coding the same video recorded parent-child play interactions applying both JE and BOSCC.  In order to be useful in measuring outcome across the heterogeneous group of young children with ASD, outcome measures should ideally be independent of general developmental ability and language. Thus, we also examine to what degree the scores are dependent of non-verbal mental age and language level. 

Our hypotheses were: (1) treatment effects of a brief social-communication intervention detected by the specific measure (JE) will be greater than those detected by the global measure (BOSCC).  This would be in line with earlier studies reporting attenuating effects when measurement content targets broader areas of functioning as compared to specific functioning; (2) children who show change in JE will be more likely to also show change on the BOSCC; (3) change on JE and BOSCC are not explained by general developmental level (indexed by language level and non-verbal mental age). 

Method
Design
The present study used baseline and post-intervention data from a previously published randomized controlled trial (RCT) investigating the effects of a brief preschool-based social-communication intervention (Kaale, Smith, & Sponheim, 2012; Kaale et al., 2014). The main focus of the intervention was to increase children’s initiations of joint attention and duration of joint engagement using a modification of the intervention manual developed by Kasari et al. (2006). The intervention was delivered by preschool teachers providing two daily 20-minute sessions over eight weeks. Each session included five minutes of tabletop training and 15 minutes of floor play. Tabletop training was preschool teacher led, and mainly focused on creating opportunities for child initiation of joint attention, whereas floor play was child driven and the preschool teachers followed in on the child’s activities, trying to facilitate the child to engage jointly with themselves and with toys and objects at hand.

Participants
The original RCT involved 61 children identified by local Child and Adolescent Mental Health Clinics (CAMHCs) in Norway from 2006 to 2008. Two of these children were excluded from the current analysis due to missing information about the variables of interest, leaving a sample size of 59 for the present study. The children met the following inclusion criteria: (i) chronological age of 24–60 months, (ii) ICD-10 diagnosis of childhood autism, and (iii) video recorded parent-child play sample available for re-coding. Exclusion criteria were (i) CNS disorders (e.g. epilepsy, cerebral palsy), and (ii) non-Norwegian speaking parents. All participants were diagnosed with childhood autism by a multi-disciplinary CAMHC team, based on a comprehensive clinical evaluation (interviews and multiple observations by different professionals). Forty-nine children (80%) were tested with Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000) and/or Autism Diagnostic Interview-Revised (ADI-R; ). Missing ADOS/ADI-R was due to site diagnostic practices, not child characteristics. The study participants were functioning within a range of cognitive and language levels (Table 1), and had varied socio-economic backgrounds. 

 [Insert Table 1 about here] 

Measures
Language and developmental level
 The children’s developmental level was tested with Mullen Scales of Early Learning (). Overall mental age was calculated based on children’s scores on the visual perception, fine motor, and expressive and receptive language subscales, while non-verbal mental age was estimated based on scores on the visual perception and fine motor subscales. The Norwegian standardization of Reynell Developmental Language Scales () was used to assess children’s language age (receptive and expressive). For children scoring below basal level on the receptive or expressive scales on RDLS, scores on the MSEL language subscales were used to calculate expressive and receptive language age. This approach was justified by high correlation between the attained raw scores on the expressive (r= .94) and the receptive (r= .97) language scales on the two tests.

Video observations of parent-child play: JE and BOSCC
Video recordings of 10 minutes of parent–child play were used to assess joint engagement and global autism symptoms at baseline and post-intervention through the use of the JE coding procedure, and the BOSCC, respectively. The dyads were given a standard set of toys (a book, two toy phones, a car, blocks, a ball, miniature figures, large marbles, and a stuffed animal) and were instructed to play as they would typically do. 

Joint engagement state (JE)
The first author and a research assistant subsequently coded each recorded play session. Both coders were blind to study purpose, group allocation, and testing order. The six engagement states were coded when lasting for at least three seconds and when both the mother and the child were visible on the screen. The joint engagement variable was calculated based on percentage of time in supported and coordinated joint engagement, combined, during the 10 minute recorded play. Collapsing supported and coordinated joint engagement into one joint engagement variable follows the practice of previous studies  ADDIN EN.CITE (e.g. ; Patterson et al., 2014). This was done due to very little time spent in coordinated joint engagement in the dyads. 
Inter-rater reliability for the JE was calculated using intra-class correlation coefficients (ICC) based on a random selection of 18% of the mother–child play recordings. ICC was .94 for joint engagement.

Brief Observation of Communication Change (BOSCC)
A preliminary version of the BOSCC was used to code the same baseline and post-intervention video recordings of the mother–child play. The version consists of 16 items, where coding is facilitated by the use of decision trees that leads the coder to assign a score ranging from 0 – 5 on each item.  Higher scores indicate greater levels of symptom severity. The coding manual emphasises both frequency and consistency of the observed behaviours for each item.

Thirteen of the 16 items make up the basis for the BOSCC total score. Among these, the first eight items target social behaviours (i.e. the child’s ability to gesture, direct vocalizations to others, frequency and quality of responses etc.). These can also be summed to provide a ‘BOSCC Social’ sub-score.  Items 9-13 target stereotypical and repetitive behaviours, body mannerisms, unusual sensory interests and the child’s engagement with materials and play with objects. In addition to the 13 items making up the total score, three items (14-16) assess the child’s activity level, disruptive/irritable behaviour and anxious behaviour but they are not included in the total score. 

 The first author was trained on the BOSCC, and on-going reliability was monitored, using a separate data set. This was a sample of parent-play recordings collected as part of a distinct, UK-based RCT of a therapeutic iPad app (Fletcher-Watson et al., 2015). The UK RCT sample consisted of 61 children with childhood autism aged less than 6 years old at baseline.  Parent-child play recordings were collected at baseline and post-intervention (excluding dropouts etc.) resulting in a library of approximately 115 recordings available for use in training. The Norwegian and UK intervention participants were comparable in terms of age, ADOS score, mental age and average BOSCC scores at baseline. We randomly selected parent-child play clips from the UK RCT library using eleven of these for training (A.N-H and S.F-W) and to achieve the required level of agreement for use of the BOSCC, which states “coders must be within one point for ≥80% of items … and total change scores … must be within three points.  This requirement must be met for three consecutive videos”.  The BOSCC manual further recommends that “double coding of videos is completed at least every fifth video to ensure inter-rater agreement across time”.  Therefore a further 23 recordings were used to evaluate on-going inter-rater agreement throughout the period that the primary data set were being coded. Inter-rater reliability for the BOSCC was calculated using ICC, which was .99 for BOSCC total and .99 for BOSCC social. 

The inter-rater reliability reported here is similar to that found in two other studies using the preliminary version of the BOSCC (Fletcher-Watson et al., 2015; Kitzerow, Teufel, Wilker, & Freitag, 2015), and very similar to the inter-rater reliability reported for the final version of the BOSCC (ICC= 0.97 to 0.98; Grzadzinski et al., 2016). High internal consistency has been found for the BOSCC social subscale (Cronbach’s α= 0.83), but lower internal consistency was found for the items measuring restricted and repetitive behaviours (Cronbach’s α= 0.41). Additionally, Grzadzinski and colleagues report that the BOSCC has high test-retest reliability and indications of convergent validity with other measures assessing social communication (e.g. Vineland Adaptive Behavior Scales; VABS; Sparrow et al., 2005). 

Assessment Procedure
The measures used in the present study were collected as part of a more comprehensive baseline and post-intervention assessment in the original intervention study. Baseline assessments of language and developmental level and video recording of mother-child play were done during one day at the local CAMHC by a tester independent of the research group and blind to the children’s group allocation. Prior to the assessment, parents completed a questionnaire about demographic information. The video recording of mother-child play was repeated at post-intervention in the children’s preschools. The change of assessment setting was done to limit travelling burden for the participating families. The study was approved by The Norwegian National Committee for Research Ethics. Written consent was obtained from parents and preschools. 
  
Statistical analyses 
Differences between the intervention and the control groups on BOSCC social, BOSCC total and JE from baseline to post-intervention were estimated using independent sample t-tests with effect size estimates based on Cohen’s d. Next, we used the reliable change index (RCI: Jacobson & Truax, 1991) to categorize each child as having achieved, or not achieved, a reliable change on BOSCC total and JE. The RCI is a measure of clinically significant change, which indicates whether an individual’s change score exceeds what would be expected on the basis of normal variability. In other words, a certain amount of variability can be expected when measuring the same quantity at two different time points. The RCI determines whether a child’s change is greater than this background variability. Other variants of the RCI are also available when test variables are more susceptible to practice effects as is often the case for standardized neuropsychological tests (Busch, Lineweaver, Ferguson, & Haut, 2015; Chelune, naugle, Lüders, Sedlak, & Awad; Parsons, Notebaert, Shields, & Guskiewicz, 2009).  Each child’s change score from baseline to post-intervention was referenced against the overall correlation between baseline and post-intervention scores for the whole control group. McNemar’s test of correlated proportions was then used to assess the difference in probability of obtaining a reliable change score on BOSCC compared to JE for control and intervention group separately. A significant result on this test would indicate that the probability of a child exhibiting a clinically significant change on one measure was greater than for the other measure. 

Each child’s change score for BOSCC total and JE were mapped graphically to illustrate individual variation and the relationship between changes on the two measures. As the BOSCC total and JE are scored on different scales, adjusted Z-scores for each measure are presented. Pearson’s correlation was used to assess the association between JE, BOSCC total and BOSCC social change scores, and whether changes on these measures were independent of children’s language age and non-verbal mental age at baseline. The statistical analyses were done using SPSS 22.0 except for McNemar’s test where an online calculator was used (Vassarstats.net). All reported p-values are two-sided.

Results:
BOSCC and JE change scores: group level
The children in the intervention group showed a mean JE change of 13.8% compared to -1.3% for the control group. This group difference was statistically significant (p= 0.013, d= 0.67) (Table 2). In contrast, no treatment effect was identified for either BOSCC total or BOSCC social (respectively p= 0.244, d= 0.31 and p= 0.196, d= 0.34). 

 [Insert Table 2 about here]

Distribution of reliable change 
Table 3 illustrates the numbers of children in the intervention group showing reliable change according to one measure, neither of the measures, or both measures. The McNemar’s test for correlated proportions was statistically significant (p=< 0.01)​[1]​ indicating that within the intervention group the proportion of children with a reliable change score was different between the two measures. This reiterates the finding above that when assessed with JE, being specific and directly related to the intervention targets, there was a higher likelihood of attaining a reliable change than when assessed with the global measure, the BOSCC. 


[Insert table 3 about here]

 Table 4 illustrates the numbers of children in the control group showing reliable change according to one measure, neither of the measures, or both measures. Analysing these results with McNemar’s test for correlated proportions, no statistically significant difference was found (p= 0.51, 95% CI = 0.33, 4.66). In other words, the proportions of children showing reliable change on the measures are not consistently distributed. 

[Insert table 4 about here]

BOSCC and JE change scores: individual scores
To further illustrate how change on JE may relate to change on the BOSCC, Figures 1 and 2 shows individual change scores on both measures in the intervention and the control group, respectively. We can see in Figure 1 that among the 20 intervention group children showing reliable change on JE only four showed reliable change on BOSCC, and these four children did not show the largest JE increase. 
Inspecting the control group data in Figure 2 we can see that there appear to be more children showing a positive (although not reaching RCI cut-off) change on BOSCC compared to JE. 


[Figures 1 and 2 in about here]


Correlations between change scores on JE and BOSCC
Moderate but statistically significant correlations were identified between the change from baseline to post-intervention on the two measures (JE and BOSCC total: Pearson’s r = .37, p= .001; JE and BOSCC social: Pearson’s r = .28, p= .05).

Correlations with non-verbal mental age and language age. 
There were close to zero correlations between children’s baseline non-verbal mental age and language and BOSCC total, BOSCC social and JE change scores (Table 5). 


[Table 5 in about here]

Discussion
The present study aimed to investigate relations between specific and global outcomes in early autism intervention studies. This was done by comparing results from the JE coding procedure and a preliminary version of the BOSCC which were coded from video-recorded parent-child play at baseline and post-intervention in a social-communication intervention trial. 

Overall, the joint engagement measure showed a significant difference in change scores between experimental groups. In contrast, when the BOSCC measure was applied to the same recordings, no difference between groups was identified. This was in accordance with our initial hypothesis suggesting that the global measure would not detect intervention effects to the same extent as the specific measure. In further support of the hypothesis, the results from the RCI-analyses, particularly for the intervention group, showed a significantly higher likelihood of reaching a reliable change cut-off score when scored with the specific measure. Thus, this study coincides with other authors’ interpretations (Green et al., 2010; Yoder et al., 2014) that outcome measures specific to the intervention target have a higher likelihood of detecting intervention effects compared to global outcome measures. It is important to emphasise that the post-intervention assessment was conducted only three months after baseline assessment. Treatment effects on global autism symptom severity measured by BOSCC might be more apparent at a later time point, which would be compatible with a model of intervention that emphasised cascading effects. 

Cascading intervention effects
Often social-communication interventions for children with ASD build on theoretical accounts of developmental cascades (see e.g. Masten and Cicchetti, 2010; Sameroff, 2000) where intervention effects first deliver improvements on behaviours or skills specific to the intervention targets and then these are translated into more global changes in autism symptom severity. Thus, we hypothesized that a positive reliable change in JE (an increase of joint engagement) would be a pre-requisite for a positive reliable change on the BOSCC (a decrease in autism symptoms). No clear patterns in the results emerged to support a developmental cascade from JE to broader autism symptoms in the time-frame of the present study. However,  studies using the same intervention content has reported effects on more distal measures of language on long-term follow-up (Kasari, Gulsrud, Freeman, Paparella, & Hellemann, 2012; Kasari, Paparella, Freeman, & Jahromi, 2008). This highlights the need for follow-up studies, as behaviours and skills taught in interventions are likely to take time to be manifested in broader abilities.

Revealing mechanisms of change using multiple outcome measures
In line with the intention of the BOSCC developers, and critical for outcome measurement in heterogeneous groups of young children with ASD, we found that BOSCC change scores from baseline to post-intervention seems to be independent of children’s initial language level and non-verbal mental age. This was also the case for the JE measure. Thus, our data suggest that changes on the JE and BOSCC measures are not attributable to underpinning developmental abilities. 

There was a positive relation between the two measures as indicated by moderate correlations between change scores. This could indicate that the two measures are, to some degree, tapping in to related phenomena. However visualisations of individual data show that this relationship is far from direct, since, for example, children showing the largest improvements on the BOSCC did not also show the greatest increase in joint engagement. Thus, while it may be that joint engagement improvement can lead to improvement in global autism symptoms, there are also other factors mediating this relationship. Sophisticated research designs are required, using both specific measures as well as more global measures recorded at appropriate time points, to give opportunities for identifying underlying mechanisms of change (Vivanti, Prior, Williams, & Dissanayake, 2014).

Positive global change in both groups
The change score graphs displaying individual change for each measure illustrate that almost all children showed a positive BOSCC change score regardless of group allocation, indicating a decrease in severity of autism symptoms from baseline to post-intervention. This was not the case for JE change scores, which were clear in the intervention group and close to zero in the control group. The presence of positive change in ratings of autism symptoms also in control group participants (Estes et al., 2015; Dawson et al., 2010; Green et al., 2010; Wetherby et al., 2014) presents a significant challenge to the pursuit of statistically significant intervention effects and the design of a measure that is sensitive to treatment effects. 
One approach to the problem of non-significant treatment effects in broader autism symptoms is long-term follow-up studies and an emphasis on clinical significance and reliable change in addition to statistical significance. Adding these dimensions can provide a more general understanding of the impact of intervention trial findings (Cicchetti et al., 2011) as well as providing routes to more meaningful analyses at the individual level. 

Strengths and limitations
A strength of this study is the use of data from an RCT with a fairly large sample size. Both measures were coded using the same video recordings, decreasing different sources of error such as fluctuation of motivation. That it is possible to code the same video observation with measurement techniques targeting both specific and global variables is potentially time- and cost-effective, as well as reducing the burden of testing for participants. Also, the use of video-based assessments of natural interaction increases ecological validity, which can be a problem in highly standardized measurement procedures (Bacon et al., 2014). 
 
 A different, but highly similar sample of children with ASD was used to assess inter-rater reliability for the BOSCC. This could be a confounding factor that contributes to the differences found between the two measures. Nevertheless, the inter-rater reliability for both measures was very high, and the inter-rater reliability estimated for the BOSCC in this study matches the estimates from the two previously published studies (Grzadzinski et al., 2016; Kitzerow et al., 2015). Thus, it seems that the JE coding and the BOSCC measure are both viable candidates for use in intervention evaluation research for children with ASD. Although the BOSCC measure used in this study was a preliminary version and has undergone changes by its developers (Grzadzinski et al., 2016) the main aim of this study was to use the BOSCC as an exemplar of a measure of global outcome that could be compared to a specific outcome measure. Also, elaborations of, and additions to, coding procedures within the JE-paradigm continue to be proposed in other studies (e.g. Adamson et al., 2004; Adamson, Bakeman, Deckner, & Nelson, 2012; Bottema-Beutel et al., 2014; Patterson et al., 2014).

Future directions
In line with the conclusions of Yoder et al. (2014), this study shows that there is a greater likelihood of finding effects of a social-communication intervention when using a specific compared to a global outcome measure. The use of specific outcomes that in part may overlap with the intervention focus is by no means bad practice (Gersten et al., 2005). The measure selected will depend on the study hypotheses and intervention targets. However, a common hope of parents and providers of social-communication interventions for children with ASD is that enhancement of specific areas of functioning may lead to a decrease in more global autism symptoms. To enhance the validity of conclusions, it is necessary that intervention studies use both specific and global measures of autism symptoms. Further, to investigate which mechanisms contribute to developmental cascades, sophisticated statistical analyses such as mediation analyses should be considered (see for instance Pickles et al., 2015). Longitudinal intervention studies incorporating both specific and global measures could enhance the limited knowledge about underlying mechanisms of change (Lecavalier, 2016), highlighting how behaviours and skills taught in interventions may alter downstream development at a more global level. 
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^1	  It is not possible to calculate a confidence interval for this result as the cell count in one cell is zero
